Hydrogen production via glycerol dry reforming over nickel catalyst supported on sio2 and Al2O3 modified by La by Farahani, Sarajuddin
30 
 
3 MATERIALS AND METHODS 
 
3.1 Overview 
This study were aims to focus more on the synthesis, characterize, and screening of Ni 
catalyst i.e. noble metal based catalyst supported on various kinds of oxides such are Al2O3 
and SiO2. The catalyst will be characterized for their porosity, surface area, morphology, 
structure, functional group and chemical composition, and crystalline phases using 
Mastersizer measurement, Scanning Electron Microscopy (SEM), elemental analysis, and X-
Ray Diffraction (XRD) analysis. Once the catalytic characterization has been investigated, the 
syngas production testing is performed. The reaction temperature is set to be 973 K with the 
reaction time 3 hours. The ratio of carbon  to glycerol and inlet flow rate also has been fixed 
to 1 and 0.03ml/min respectively. 
3.2 Materials 
All the chemicals such as Nickel (II) nitrate hexahydrate [Ni (NO3)2. 6H2O], Aluminium 
oxides (Al2O3) and pure glycerol (99% purity) that is used as the feedstock for the dry 
reforming process were analytical grade purchased from Fisher Scientific Malaysia. Other 
chemicals such as Lanthanum nitrate hexahydrate [La (NO3)3. 6H2O  and the supported 
oxides which is silicon oxides (SiO2) were obtained from Merck. The carrier gas such as CO2, 
and N2 will be used in this studies. 
3.3 Experimental Procedure 
3.3.1 Catalyst Preparation 
The catalyst was prepared via incipient wetness impregnation method where 3 wt% La 
promoted with a series of Ni loading  from 10 to 30wt% supported oxide. Firstly, Nickel (II) 
nitrate hexahydrate [Ni (NO3)2. 6H2O] solution was prepared from 50 ml distilled water as 
precursors. The slurry were then stirred for 3 h at room temperature to make sure the mixing 
solution is homogenized. Then, the solution will be poured inside the crucibal and placed 
inside the oven at temperature 130 
o
C (overnight). The procedure is proceed by calcination 
process at temperature of 1073 K for 6 h. Then, the sample will be dried and cooled inside the 
desicator before crushing it using motar. The sample is prepared about 10g and futher analysis 
of catalyst will be investigated. 
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Then, supported catalyst will be examined using X-Ray Diffraction (XRD), Mastersizer 2000 
Ver. 5.60 and Scanning Electron Microscopy (SEM) to investigate the catalyst characteristic 
in term of porosity, surface area, structure, morphology, functional group, physiochemical 
properties, as well as their chemical properties. Detail calculation for catalyst preparation has 
been detailed out in Appendix A.1. 
3.3.2 Catalyst Characterization 
a) Mastersizer 2000 Ver.5.60 
The Mastersizer 2000 uses the technique of laser diffraction to measure the size of particles. It 
does this by measuring the intensity of light scattered as a laser beam passes through a 
dispersed particulate sample. This data is then analyzed to calculate the size of the particles 
that created the scateering pattern.  Mastesizer 2000 analyzer has set the standard for simple 
and straightforward operation. Modular in design, it has a wide range of automated sample 
dispersion units for the measurement of wet and dry samples. These are controlled through 
SOPs, providing ease of method development and transfer.   
 
Figure 3.1 Mastersizer measurement 2000 Ver.5.60 
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b) X-Ray Diffraction (XRD) 
X-ray diffraction (XRD analysis is a unique method in determination of crystallinity of a 
compound. The calcined catalyst sample was used to identify their crystallinity structure 
compound via exhibitions of sharp or peaks at different diffraction angle (2ϴ).  
 
Figure 3.2 Bruker’s X-Ray Diffraction D8 (Barbara et al) 
c) Scanning Electron Microscopy (SEM) 
Scanning Electron Microscope (SEM) (Carl Zeiss EVO050 ) is used in visualisation of crystal 
shape, surface morphology and structure of particles or agglomerates and the evaluation of 
product surface characteristics. The substance or the object must be coated with conducting 
material (e.g. Au) to reflect electrons (sputter-coating) and the sample must be dry. The 
catalyst were dried at 100 °C for 6 h time and stored in desiccators. The rule of thumb is that 
it is better leave them overnight in the drying oven. The valve of the two nitrogen gas tanks is 
to make sure open before placing the sample into the SEM holder. After the sound of rotary 
pump is heard, the green light will be observed on the display after 2 minutes. Then, the high 
vacuum < 5 X 10-5 Pa is achieved after 30-45 minutes. The working distance is set to the 
highest ponit on the specimen which is approximately 10mm by adjusting the z-axis on the 
stage. The accelerating voltage can be set between 0-30kV via the ‘Electron column’ console 
however, 10kV will be adequate for most materials. For polymer and glass sample 2-6kV 
works well and for metals or highly conductive surfaces 10-20kV will provide high 
